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In  this  note  me> provide  a  brief  summary  of  vibration  isolation 
tecnniques  and  their  application  to  our  neutral  atom 
interferometry  experiments,  at  the  UC  BerKeiey  Physics  Department; . 
Naturally,  the  difficulty  in  achieving  acceptable  vibration 
isolation  for  any  given  experiment  depends  largely  upon  the  noise 
background  of  the  laboratcry,  the  noise  generated  by  the 
experimental  apparatus  itself,  as  uie  11  as  the  tolerable  noise 
sensitivity  of  the  exoeriment.  Since  neutral  atom  interferometers 
may  be  configured  to  act  as  ultra-sensitive  inertial  sensors, 
then  vibrational  noise  sensitivity  is  inherently  high. 


1  _  -ilhat  constitutes  siqna i  S  mnat  constitutes  noise? 

The  initial  experiments  at  UCB  'are  to  simply  demonstrate 
neutral  atom  interference.  For  these  experiments  any  deviaticns 
from  an  inertial  reference  frame  for  the  apparatus  represent  a 
potential  noise  source.  Even  the  quasi-constant  earth's 
gravitational  field  and  rotation  can  be  considered  as  very  iou 
frequency  noise  components,  although  subsequent  experiments  will 
consider  these  as  known  test  signal's  to  be  measured. 


9 .  V i brat ion  sensitivity  of  neutral  atom  interferometry 


exper  iments . 

Qur  prooosed  neutral  atom  interferometer  includes  the 

fallowing  components:  Cal  a  source  of  slow.  cold  atoms,  (b)  a 
sequence  of  transmission  diffraction  gratings,  and  Cc)  an  atomic 
particle  detector.  The  interferometer’s  parameters  were  selected 
to  de-emphasize  its  inertial  sensitivity  and  thereby  assure 
success  of  the  initial  experiments.  Nonetheless,  it  is  still  quite 
sensitive  to  inertial  forces,  such  as  those  caused  by 

vibrationally  induced  acceleration.  Its  sensitive  axis  is  in  a 
direction  perpendicular  to  the  source-detector  axis  and 
perpendicular  to  the  grating  slit®*’  long  direction.  It  has 
negligible  sensitivity  to  inertial  Forces  acting  perpendicular  to 
f'bisTKB&rian  statement  a~\ 
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its  sensitive  axis. 

Unfortunately,  for  any  experiment  in  a  terrestrial 
laboratory,  gravity  cannot  be  eliminated.  Thus,  it  is  worthwhile 
to  orient  the  apparatus  so  that  gravity  is  perpendicular  to  the 
sensitive  axis.  In  our  case,  this  is  done  by  having  the  beam 
propagate  vertically.  An  advantage  of  this  orientation  ib  that  the 
axial  alignment  remains  independent  of  atomic  velocity. 

The  purpose  of  our  initial  experiments  is  simply  to  detect 
interference  fringes.  Hence,  one  desires  that  the  peak-to-peax 
worst-case  vibration  noise  be  limited  to  provide  less  than  one 
fringe  shift  in  whatever  observation  period  is  necessary  for 
positive  identification  and  measurement  of  the  atomic  fringe 
structure.  In  simplest  terms,  this  requirement  translates  to  the 
requirement  that  the  worst-case  peak-ta-peak  vibration  amoiitude 
(relative  to  an  inertial  frame)  of  any  grating  be  much  less  than 
one  slit  width  of  that  grating.  If  phase  sensitive  detection  is 
emDioyed,  this  limiting  amoiitude  constrains  the  apparatus  allowed 
vibration  only  over  the  bandwidth  of  the  fringe  detector,  which, 
in  turn,  can  be  made  quite  narrow,  and  furthermore,  can  be 
centered  at  a  vibrational ly  quiet  portion  of  the  spectrum.  With 
phase  sensitive  detection  the  above  constraint  may  be  relaxed  at 
freauencies  outside  this  bandwidth. 

Why  does  the  slit  width  represent  a  limiting  amplitude  for 
vibrations?  Indeed,  for  periodic  vibrations  of  constant  amoiitude 
the  amoiitude  of  the  resulting  acceleration  scales  with  the  square 
of  the  vibration  frequency.  Thus,  one  might  exDect  that  the 
interferometer  fringe  shift  (proportional  to  linear  acceleration) 
will  scale  similarly.  Fortunately,  this  is  not  the  case  for 
periodic  accelerations  with  frequencies  higher  than  the  inverse 
transit  time  of  atoms  through  the  interferometer.  For  such 
Frequencies  the  accelerational  sensitivity  decreases  inversely 
with  frequency  squared,  so  that  the  limiting  spatial  amplitude  for 
vibrations  is  still  just  the  slit  width. 

Tu  visualize  this  dependence,  consider  in  an  inertial  frame 
waves  passing  through  a  set  of  vibrating  gratings.  The  diffraction 
pattern  at  the  final  grating  (and  the  f1oir6  pattern  formed  by  this 
pattern  and  the  final  grating)  is  given  by  the  Kirchoff 
diffraction  integral  over  passible  paths  (in  the  inertial  frame) 
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from  the  source,  through  all  open  slits  to  the  final  grating.  The 
possible  paths  traversed  by  any  given  wavefront  constitute  those 
open  at  the  time  of  its  passage.  Thus,  even  though  a  grating  may 
rapidly  vibrate  during  the  passage  of  a  wavefront  through  a  slit, 
so  long  as  the  majority  of  paths  offered  by  open  slits  remain  open 
For  the  passage  of  subsequent  wavefronts,  then  the  Klrchoff 
diffraction  integral  will  be  neglegibly  altered.  That  is,  as  long 
as  a  only  negligible  fraction  of  each  slits'  open  cross-section  is 
affected  by  the  vibration.  the  diffraction  pattern,  will  be 
maintainea.  This  will  be  true  as  long  as  the  worst-case  wiggling 
of  the  edges  of  these  paths  remains  small  with  resnect  to  a  slit 
width . 

□ur  initial  experiments  anticipate  the  use  of  about  1/E  to  1 
micron  slits,  a  path  length  of  Q.SEm,  and  a  lowest  velocity  Cwith 
correspondingly  highest  accelerat ional  sensitivity)  of  5  -  10 
m/sec.  The  worst  case  vibrational  noise  occurs  at  a  frequency  of 
1/T(.  transit )  ,  or  5  -  10  Hz.  Since  externally  produced  nigh 
freauency  (>>  1Hz)  vibrations  are  comparatively  easy  to  isolate 
from  the  apparatus  but  the  support  structure  must  pass  zero 
frequency,  it  is  the  lowest  frequency  components  (0.1  -  5  Hz)  that 
are  potentially  the  mast  troublesome. 

Another  potential  source  of  noise  is  that  due  to  structural 
flexure  within  the  apparatus.  Such  flexure  can  allow  one  grating 
to  vibrate  relative  to  another  one  and  thereby  couple  additions l 
noise  into  the  system.  Unless  sufficient  damping  is  provided, 
apparatus  generated  noise  may  be  trapped  within  the  isolated 
apparatus.  Structural  flexure  resonances  can  then  cause 
amplification  of  these  vibrations  and  significant  relative  motion 
of  the  gratings  will  produce  additional  noise.  Fortunately, 
relative  motion  of  the  gratings  is  detectable  with  in-situ  optical 
interferometry  and,  if  Found  present,  can  be  remedied  by 
eliminating  resonances  and/or  introduction  of  additional  damping. 

3 .  Noise  sources  in  Room  31S  LeConte .  UCB  Phusics  Dept ■ : 

Potential  external  sources  of  vibration  include  various  forms 
of  cultural  noise  Ce.g.  hallway  traffic),  building  oiant  noise 
(typically  rotating  machinery),  seismic  activity,  etc.  Its 
magnitude  depends  on  the  laboratory  construction,  location  within 
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the  building  and  the  time  of  day.  On  the  third  floor  of  LeConte 
Hall,  all  of  these  sources  have  been  measured  at  various  times, 
with  frequency  spectra  in  the  range  of  a  few  Hz  to  a  few  10’s  of 
Hz.  Vibrations  of  the  same  order  of  magnitude  are  measurable  in 
vertical  and  horizontal  directions,  as  well  as  in  rolling  motions 
of  the  floor.  Typical  vibration  amplitudes  in  Room  318  are  of 
orderl-^4  microns.  Although  the  floor’s  railing  motion  is  large, 
suspending  tlv  entire  apparatus  on  a  two-axis  knife-edge  bearing 
orevents  coupling  this  motion  into  the  rotational  modes  of  the 
apparatus.  With  significant  apparatus  height  above  the  floor,  the 
rolling  motion  produces  an  amplified  horizontal  motion  of  the 
apparatus.  The  rolling  morion  thus  requires  significant  horizontal 
isolation  of  the  apparatus  center  of  gravity,  provided  by  a 
flexible  leg  support  structure  and  damped  pneumatic  pistons. 
Isolation  ratios  of  10  to  100  from  floor  vibrations  will  suffice, 
even  for  experiments  not  using  phase  sensitive  detection.  Phase 
sensitive  detection  can  further  reduce  vibrational  noise  to  total 
insignif icance . 

1 .  Techniques : 

There  are  two  basic  popular  methods  for  isolation  of 
scientific  apparatus:  active  and  passive.  Passive  (conventional) 
isolation  systems  are  based  on  the  low-pass  filter  action  of  a 
spr mg-mass-dashpot  linear  system.  Higher  isolation  using  the  same 
principles  is  available  by  cascading  such  filters  Cas  is  commonly 
done  in  gravitational  wave  detection  experiments).  The  basic 
physics  of  such  isolation  is  given  in  the  attached  excerpt  from  a 
Newport  Research  Corporation  catalog.  Passive  isolation  systems 
and  components  are  commercially  available  for  supporting  large 
apparatus.  Unfortunately,  such  commercial  components  are  awkward 
to  use  with  an  apparatus  with  significant  vertical  height  (such  as 
ours)  . 

Active  isolation  systems  sense  vibrational  acceleration  of 
the  apparatus  with  an  accelerometer  and  apply  a  corrective  force 
via  an  electronic  feedback  system.  Such  systems  are  complex  and 
costly.  Commercial  active  systems  are  presently  available  only  For 
sma 1 1  apparatus . 

The  present  system  at  UCB  is  passive  and  successfully 
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isolates  building  noise  to  the  requined  degree  not  to  require 
phase  sensitive  detection.  Apparatus  self-noise  at  present 
dominates.  It  is  evidently  due  to  vibrations  caused  by  boiling 
liquids  in  the  diffusion  pumps  and  liquid  nitrogen  traps. 
Significant  noise  is  found  to  exist  in  the  isolator  normal  modes 
only  when  the  pumps  are  on  and  the  traps  are  full.  Experiments 
currently  underway  will  determine  whether  this  noise  can  be 
brought  to  an  acceptable  level  by  damping  improvements.  If  not, 
these  pumps  and  traps  may  be  replaced  with  sorption  roughing  pumps 
and  ion  high-vacuum  pumps . 
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unss  sii|i|H)fir(i  hv-  l|»r  Jr,* 

I',  is  llit'  ntiiiospiirth  inrssntr 


^V>  IVwvfior 


'inti*  th.il  tht*  liaiismtssthllil  V  n|  a 
»l.inn*r*l.  pm'UmatM-  hnialni  In  v-i  v 
dlMrtent  hunt  licit  nl  I  hr  dailtf  **-*1 
simplr  ItariM'tiiir  nr  lllalor  nl  Model  II 
•ml  i If* l*n * » .il **s  itir  mam  lr:«|«or<  <*| 
J’lMMlMCit  I*  knlalni  s- 

I  >  I  lli/li  |*i*i hi,  Minin  e  over  n  n|<l<* 
l Mini*  nt  limits  i!n*  ir-nitao*  «* 
hr«|iirir  v  nl  thr  l-.nl.ilni  |s  milv 
weakly  •  I*  *  J  M'f  lil**ill  Upon  l|ir  load  M 

/)  low  imtuinl  ftrt|MriM*v  wiu-u  Km- 
mMi’iii  Is  «i|irintr<|  nl  nrvrtnl  tlm«-« 
uiliMMphrf  If  ptrssmr  In  yn»t  It.  r 
f lrw|i»if  |  iiimiiiiaili-  hnliilom  m*« 
njn-inti-il  m  that  thr  an  yur-.mir  m 

•  m  It  l*  i*  Is  iirtwr-rn  ahmit  .III  an. I 
'Ml  p-.t 

’)  I /nr  ‘lull  fill"  rsrti  tvilli  liluli 

•  linti|MMu  nml  Imv  iraniiniirf  |»rnk 
linilflliiKsllillliy.  I  hr  strrp  ih* 

•  irasr  In  li nnsttilss|h||ii y  1  .is  | fir* 
ltv*|iti*nrv  limranrn  Is  iiiih  |i  l.islrt 
in  {•nmnnallt  Isol.ilms  than  llm 

il.iitijM.il  stnipir  ii.ti iiMinlr  ris^  t|),i|*ir 
nl  Mmlrl  II.  ft •  i  with  il  tin*  1 1  annins 
*•  1 1*1111  v  «lr«  ir-aion  a<  I  *n»  nl  hij»h 
fn-rfiirin  Irs  I  (frrtlvHv.  Ihr 
ilaintiini!  is  pM-nml  only  n«\n 

ir-nitaiM  r.  wImmi*  |t  Is  tIMist  |i«*r«|rtl 

ririvjifiii  has  Initml  that  tin* 
tiaiismtssilillli  y  I  anil  irstMiant 
lirtinrtif  y  *•*,  ran  tllllrf  •  ffiinlilrraltly 
!•#*•••  | f v  'fur  |Mhti.iillv  t*»  rlfrs  Is  In 
ihr  ilrskj/H  nl  llir  fll.i|i|itflj!Mi  atnl 


•  iihlh-tii-s  m  mrViirrrtni*  III**  uirtnn 
nxl  i  hanilmr  ili-slpn  I  |»r  .*»»  tiial 
nirasnimiM-iil  nl  III**  v*-t  I  It  al  liailS 
i.iiSSlhllil  y  »»l  N'‘W|imi  I  s  XI  t  A  srt  ti-S 
!••[*  sysirnt.  k  shown  In  I  I 

I I  l(v.  Ii vi- 

Uiiti/imUit  InolnlliMi 

I  In-  tinriimallr  tsntaUim  it*- 
s.  i  *(»•••  f  almvr  |*invlilrs  |*.f i|.u Mmi 
l  *  Imai  Uv  lumi  vi-itt*  :\K  <*ttn  Mt»«>s 
•  •illy  I  ai  in. illy,  tin*  tllajiln ajiin  nl..**r 
j>i»ivi*l»-s  si  ini.*  imt  irmital  tsn|  itlni:*, 
I  **r  |Mi|i|*>vr*|.  [ill'll  |*ri  |(I|  man*  r 


lit  a  I/,  ml  al  vlhtatlntt  l*iniatlnu 
.utnthrt  In  hiitipir  must  hr  ns*-«l 
Nrwp.nt  n-.rs  n  italriilrtl  ilamjmi 


lirlhliiiihii  *M  sii>n  will*  h  is  s*  hrinall- 
rally  shown  In  I  iunir  t ", 

As  tin*  flu*  n  umvrs  i  *  *  I  a  1 1  v  r  **» 
tin-  tsotatrii  nl>|n  t.  Ihr  lalilr  hrhav«*S 
stinllai  to  a  j i**i t« | * •  1 1 1 1 ii  wiih  ilir  mv«>i 
point  nmvViui  tia*  k  ami  loith  1 1 
*-'|Ma|h*its  of  nidilnii  thus  wnnlil  h*‘ 
Vhc  samr  as  Umsr  *»l  a  shnplr  har 
nionl*  us*  lllalm  ami  tin-  n.ituial 
li*-*l»irin  v  of  this  svst*-nt  is 


whrir  j*  Is  lh«*  a*  i  rirraihnt  of  jm  ivll  y, 
anil  I.  Is  'hr  h-in/ih  *>|  tin-  p«  ntlnlnm 

I  hr  a*  tn.il  svslrin  ilvnninii  s  an* 
nnur  nnnplrs,  urn  thr  mrasiitnl 
natural  Impimrv  «tl  Nrw|«nt  s 
lmihnnl.il  Isnlalhm  Is  ahunt  I  H  |h 
I  nr  (rrnurm  trs  nrar  trsonam  r.  tlin** 

Is  ninpllllratlnn  linwrvrr.  Hi**  aniounl 
•  il  atnplilU  atlnit  Is  il**lrntnnrtl  hv  ilir 
amount  nl  liattiplnjr  in  Ihr  svstrm 
f  Nrwjmt t  s  Xl/-5rih*s  isni.tims  havr 
h*-rn  nplhnallv  ilamjird  holli  vriU 
rally  ami  hot l/mil all v  ) 

An  Important  Iraltnr  ol  Nrw- 
[mmI  s  pilmh-d  |ioi|?uitta|  lsol.il It m 
tr«  htthjur  Is  that  tmihtmtnl  vlhrattmis 
air  nut  rouplrd  tutu  vt-tih-.il  viina 
thms  to  arlitrvr  dampitn*.  ns  Vs  thr 
i  nsr  with  'yimhallril  plstmis  '  A*  tual 
mt-ismi-il  tt nnsmissHtVlMv  data  i I  hum* 
Ml  shows  thr  imilronlnl  Isttlallun  ul 
Ihr  ftrnduhfin. 


<M*rf|l 


